INTRODUCTION
The importance of medicinal plants in health care is not new. Aphanamixis polystachya of the Meliaceae family is a traditional plant with potential medicinal uses [1] . The large timber tree (sometimes shrub) with bunches of rounded lobular fruits and glossy deep brown seeds, is an aboriginal of most of the hotter parts of India, as well as the lowlands and hill forests of Bangladesh, Malay and Ceylon. The local names of Aphanamixis polystachya include Roina, Pitraj (Bengali); Rohitak, Pithraj (English), etc [1] .
Ayurveda approves Aphanamixis polystachya (A. polystachya) in liver and spleen disorders, tumors, ulcer, dyspepsia, intestinal worms, skin diseases, leprosy, diabetes, eye diseases, jaundice, hemorrhoids, burning sensation, arthritis and leucorrhoea [1] . The Santanol ethnic people of India employ the wood extract in healing cancerous wound [1] . The fruits are used as anthelmintic, laxative, refrigerant and is said to be useful against ulcers and rheumatism while the seed oil is used as a liniment in muscular pains [2] . Studies show that the stem bark extracts of A. polystachya has significant in vitro antibacterial, mild antifungal, cytotoxic and antioxidant effects [1, 2] .
Antimicrobial assay procedures for medicinal plant extracts provide a valid measure of antibiotic activity. Among the methods, disc diffusion method persists in wide use as it is a simple and convenient method. Moreover, it requires only a minute amount of the test sample (10 -30 µl) [3] . Based on ethno-pharmacological literature, several species of medicinal plants are used in traditional medicine and have been screened for their cytotoxicity using brine shrimp lethality test. It is a simple, reliable, inexpensive and convenient method for the assessment of bioactivity of medicinal plants [3] .
Antioxidants inhibit free radicals which are highly reactive, and also minimize oxidative damage, thus decreasing the risk of free radical-induced diseases which develop with aging. Medicinal plants with antioxidant property are being considered for use in antioxidant formulations [4] . 2, 2-diphenyl-1-picrylhydrazyl (DPPH) scavenging assay, nitric oxide scavenging activity, test for total flavonoid content, reducing power measurement, ferric reducing antioxidant power (FRAP) assay, cupric ion reducing antioxidant capacity, test for total phenolic content, etc are widely used to evaluate the ability of compounds to act as free radical scavengers and hence, antioxidant activity [5] .
Thrombolytic agents are used to dissolve clot and in the management of thrombosis patients. Streptokinase is widely used as thrombolytic positive control efficiently for in vitro thrombolysis [6] . The thrombolytic activity of some plants have been studied using an in vitro model and significant thrombolytic activity were found for some medicinal plants, namely, Brassica oleracea, Capsicum frutescens, Nigella sativa [6] , Aponogeton undulatus [7] .
The aim of the present study was to investigate the cytotoxic, antimicrobial, antioxidant and thrombolytic activities of A. polystachya fruit extracts.
EXPERIMENTAL Collection of plant material
A. polystachya fruits were collected from Mymensingh, Bangladesh in February, 2011. The fruits were taken to the Bangladesh National Herbarium, Mirpur, Bangladesh, where their identity was confirmed by a taxonomist (Dr. Bushra Khan, Principal Scientific Officer) and a voucher specimen (Accession no. DACB-35449) deposited for future reference.
Preparation and extraction of plant material
The fruits were shade-dried and crushed into coarse powder using a mechanical grinder. The powdered material (150 g × 2) was successively extracted with n-hexane (APHE), ethyl acetate (APEA) and methanol (APME) by continuous hot extraction for 6 h using Soxhlet apparatus at a temperature not exceeding the boiling point of the solvent. The extracts were concentrated with a rotary evaporator (IKA, Germany) at low temperature (40 -50 o C) and reduced pressure.
Phytochemical screening
Phytochemical screening of APHE, APEA and APME extracts was carried out qualitatively for the presence of alkaloids (Hager's test), flavonoids (modified ammonia test), steroids (Salkowski test), terpenoids (modified Salkowski test), reducing sugars (Fehling's test), saponins (frothing test), tannins (ferric chloride test), cardiac glycosides (Killer-Killani's test) and anthraquinones (chloroform layer test) [8] .
Antimicrobial screening
The Kirby-Bauer disc diffusion method [3] was used to evaluate the antibacterial potential of A. polystachya fruit extracts on Gram-positive (Staphylococcus aureus) and Gram-negative bacteria (Shigella dysenteriae) and fungi (Candida albicans). Sterile 6 mm filter paper discs (Whatman no. 1) were impregnated with 500 and 1000 µg of fruit extracts of each solvent system and dried in open air to evaporate the residual solvent. Standard ciprofloxacin discs (5 µg/disc) were used as positive control. Two sample discs of two different concentrations, standard antibiotic disc and blank disc (impregnated with solvents followed by evaporation) were placed gently on previously marked zones in the agar plates pre-inoculated with the test bacteria and fungi. After incubation of bacteria plates at 37 o C for 24 h and fungi plate at 25 o C for 48 h, the antimicrobial activity of the test agents was determined by measuring the diameter of zone of inhibition expressed in mm [3] .
Brine shrimp lethality bioassay
A. polystachya fruit extracts were screened for their cytotoxic activity using brine shrimp lethality bioassay [3] . For the experiment, 200 mg each of the extracts was dissolved in dimethylsulfoxide (DMSO) and solutions of varying concentrations were obtained by serial dilution using simulated sea water. The solutions were taken in each premarked test tubes containing 5 ml simulated seawater and 10 shrimp nauplii. After 24 h, the numbers of survivors were counted and mortality (%) was calculated for each dilution as well as for control. Simulated seawater containing varying quantities of DMSO was used as control. Potassium permanganate (KMN) was used as the positive control. An approximate linear correlation was observed when logarithm of concentration of test samples versus mortality (%) was plotted. LC 50 value is the concentration of sample required to kill 50 % of the shrimp and was determined using Microsoft Excel 2007.
Assessment of total phenolic content
The amount of total phenolic in the fruit extracts was measured as a way of determining antioxidant activity according to Folin-Ciocalteu procedure [9] . The plant extract (20 mg) and 2 ml 99.8% (v/v) methanol were taken in a test tube and incubated at room temperature for 48 h in the dark; 2 ml of the solution was transferred to a centrifuge tube and centrifuged at 5000 rpm for 5 min after which 300 µl of the supernatant was mixed with 600 µl of 10 % Folin-Ciocalteu reagent and 2.4 ml of 700 mM sodium carbonate in a test tube and the mixture was incubated for 2 h at room temperature and the absorbance was measured at 765 nm in a UV-VIS spectrophotometer (Shimadzu, Japan). Total phenolic content was determined (as gallic acid equivalent) from a standard curve prepared with gallic acid.
Determination of DPPH radical scavenging activity
The free-radical scavenging activity of A. polystachya fruit extracts was measured by the decrease in the absorbance of the methanol solution of DPPH (2, 2-Diphenyl-1-picrylhydrazyl) [10] . A stock solution of DPPH (Sigma-Aldrich, USA, 400 µg/ml) was prepared in 99.8 %v/v methanol (which gave an initial absorbance of 0.197) and 100 µl of this stock solution was added to 5 ml of a solution of A. polystachya extract of varying concentrations (20 -100 µg/ml). The solutions were mixed properly, kept in the dark for 20 min and the absorbance measured at 517 nm. Scavenging activity was expressed as inhibition (%) as in Eq 1.
Inhibition (%) = {(Ac -As)/Ac}100 …………. (1) where Ac is the absorbance of control and As the absorbance of the test sample. Inhibition (%) was plotted against the respective extract concentrations used and IC 50 values were extrapolated from the plot. Ascorbic acid, an antioxidant, was used as positive control.
Nitric oxide scavenging assay
Sodium nitroprusside (5 mM) in phosphate buffered saline was mixed with various concentrations of the extract (5 -200 µg/ml) dissolved in 99.8%v/v ethanol and incubated in the dark at room temperature for 2 h. The solution (2 ml) was mixed with 1.2 ml of Griess reagent and the absorbance measured spectrophotometrically at 546 nm against blank (phosphate buffered saline). Ascorbic acid was used as a positive control and was treated in the same way as the extract [11] . Nitric oxide (NO) scavenging activity was computed as in Eq 2.
NO (%) = {(Ac -As)/Ac}100 …………………. (2) where Ac is the absorbance of control and As the absorbance of the test sample.
In vitro thrombolytic study
Median cubital venous blood (3 ml) was drawn from 10 healthy volunteers (5 males and females each) who had not taken any oral contraceptives or anticoagulants in the preceding two weeks. The blood was transferred to 5 pre-weighed sterile Eppendorf tubes (500µl/tube) and incubated at 37 o C for 45 min. After clot formation, serum was completely removed without disturbing the clot formed. Each tube having clot was again weighed to determine clot weight. The extract (100 mg/ml, 100 µl) was added to the tube [7] . As positive control, 100 µl of streptokinase (CSL Behring GmbH, Germany, 3000,000 IU/ml) was used 100 µl of normal saline served as negative control. The tubes were then incubated at 37 o C for 90 min and observed for clot lysis. The released fluid was removed and the tubes again weighed to compute the difference in weight after clot disruption. The percentage difference in weight before and after clot lysis was expressed as clot lysis (%).
Statistical analysis
Statistical comparisons were performed with Student's 't' test using Microsoft Excel 2007. A p value of 0.001 or less was considered to be significant. Mean ± standard deviation (SD) was calculated for the parameters where applicable.
RESULTS

Phytochemical profile of extracts
Phytochemical screening of the extracts of A. polystachya fruits revealed the presence of various bioactive components of which alkaloids, flavonoids, steroids, terpenoids, saponins, tannins, cardiac glycosides and anthraquinones were the most prominent (Table 1) .
Antimicrobial activity
The obtained values of the zone of inhibition (Table 2) were analyzed to find out whether A. polystachya fruit extracts have potential antimicrobial activity or not. APME at concentration of 1000 µg/disc showed highest antimicrobial activity compared to other extracts. In case of bacteria and fungi, the zone of inhibition were ranges between 7-10 mm and 7-8 mm respectively.
Cytotoxic activity
Compared to positive control (potassium permanganate, KMN), all the extracts tested showed good brine shrimp larvicidal activity ( Table 3 ). The crude extracts that gave LC 50 values < 100 µg/ml were considered significantly active and would therefore demand further investigation [13] .
Antioxidant activity
The results of both the total phenolic content and free radical scavenging activity (DPPH and NO) of the crude extracts (Table 3) show promising antioxidant activity. The ethyl acetate extract exhibited the highest total phenolic content as well as high radical scavenging activity, comparable to that of ascorbic acid (AA). Table 2 : Antimicrobial activity of n-hexane (APHE), ethyl acetate (APEA), methanol (APME) extracts of A. polystachya fruit, positive control ciprofolxacin (CP) and negative control (respective solvents).
APHE APEA APME 500 µ µ µ µg/disc 1000 µ µ µ µg/disc 500 µ µ µ µg/disc 1000 µ µ µ µg/disc 500 µ µ µ µg/disc 1000 µ µ µ µg/disc 
Thrombolytic activity
Maximum clot lysis was visually observed when streptokinase (100 µl) was added to the clots The clot lysis data are shown in Figure 1 . With normal saline, 4.58 % clot lysis was seen, while n-hexane (APHE), ethyl acetate (APEA) and methanol (APME) extracts produced 12.4, 13.69 and 12.95 % clot lysis, respectively (p < 0.001, compared with negative control).
DISCUSSION
Previous studies [2, [14] [15] [16] reported the presence of alkaloids, tannins, steroids, saponins, glycosides, flavonoids, anthraquinones and terpenoids in A. polystachya, and these are confirmed in part by own findings. The present study also correlates with the aforesaid studies. The presence of these secondary metabolite classes is known to have therapeutic activity against several diseases and therefore could suggest its traditional use for the treatment of various illnesses [17, 18] .
The partial antibacterial activity of the extracts may be related to the presence of secondary metabolites such as terpenoids and saponins which are reported to have antibacterial activity [19] . So APME extract demands further investigation, as it showed some evidence of being bioactive against Staphylococcus aureus. Brine shrimp lethality is a general bioassay for the evaluation of cytotoxicity and some other biological activities [20] . The plant's cytotoxic activity may be due to the presence of alkaloids, flavonoids and terpenoids in n-hexane and ethyl acetate extracts of the plant fruit [13, 21] .
The antioxidant activity of the extracts may be due to the presence of polyphenolic compounds such as flavonoids and tannins, and this, in turn, may be attributable to the hydrogen or electron donating ability of the groups present in the structure. This agrees with the findings of the other researchers [16] in respect of n-hexane and methanol extracts of A. polystachya. Therefore, the extracts could be used potentially for the prevention of free radical-mediated diseases.
Atherothrombotic diseases occur as serious impacts of the thrombus formed in blood vessels. Various thrombolytic agents are used to dissolve the clots that have already formed in the blood vessels; but these drugs have limitations and can lead to serious and sometimes fatal consequences [22] . In the present study, all the plant extracts showed moderate thrombolytic activity compared to negative control This activity may be due to the fact that the extracts are rich sources of alkaloids, flavonoids, tannins and terpenoids which are said to exert clot lysis activity [11, 23] .
CONCLUSION
The fruit extracts of Aphanamixis polystachya showed significant cytotoxic and antioxidant activity. These extracts also possess partial antibacterial activity at higher concentration, and also moderate clot lysis activity. Based on these preliminary studies, further investigations are required to explore the bioactive molecules which are responsible for the extracts' activities as well as their mechanisms of action.
